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Abstract. Blockchain technology has emerged as a disruptive force in digital vision of traditional
industries transformation, including bill issuance, transfer, and settlement. This paper presents a
comprehensive comparison of the features and benefits of blockchain-based electronic bill systems
with traditional bill systems. The advantages of blockchain electronic bill systems, including
increased ease of use and efficiency, enhanced security and anti-counterfeiting capabilities, and
improved transparency and traceability, are critically examined. The potential impact of blockchain
electronic bill systems on finance, supply chain management, e-commerce, and other domains is
thoroughly discussed. The findings highlight the need for further research, standardization,
cultivation of talents and extensive use to fully harness the transformative potential of blockchain
electronic bill systems in traditional bill processes.
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1. Introduction

In recent years, blockchain technology has gained significant attention as a disruptive innovation
with the potential to revolutionize various industries, including the realm of bill issuance, transfer,
and settlement. The purpose of this paper is to provide a comprehensive comparative analysis of
blockchain-based electronic bill systems and traditional bill systems, shedding light on the advantages
and potential impact of blockchain technology in this context. The advantages of blockchain
electronic bill systems, such as increased ease of use and efficiency, enhanced security and anti-
counterfeiting capabilities, and improved transparency and traceability, are critically examined,
taking into account the potential implications for finance, supply chain management, e-commerce,
and other domains. Furthermore, the paper highlights the need for further research, standardization,
and adoption efforts to unlock the full transformative potential of blockchain electronic bill systems
in traditional bill processes.

2. Basic Concepts and Principles of Blockchain and Artificial Intelligence

2.1 Blockchain

Blockchain technology is characterized by its decentralized, secure, and reliable nature, making it
an innovative solution for data storage and transmission. It adopts a chain structure consisting of
multiple blocks, with each block containing a specific number of transaction records and block header
information. The block header information includes crucial details such as the hash value of the
previous block, the hash value of the block, and the time stamp. The hash value of each block is
calculated based on all the transaction data and block header information within the block, connected
through hash pointers to the hash value of the previous block, forming an immutable and tamper-
proof chain structure.

The fundamental concept underlying blockchain technology is decentralization, which means that
there is no centralized organization managing and controlling the data. Instead, it is collectively
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maintained and managed by the nodes within the network. Each node has the ability to verify and
confirm the legitimacy of transaction records through a consensus algorithm, ensuring the security
and immutability of the data. This decentralized approach eliminates the need for a single point of
control, making blockchain technology highly resilient to tampering, censorship, and unauthorized
access. The consensus mechanism employed by blockchain networks ensures that all nodes in the
network agree on the state of the ledger, providing a transparent and trustworthy system for recording
and verifying transactions.

The secure and reliable nature of blockchain technology stems from its use of advanced
cryptographic techniques, which protect the integrity and confidentiality of data. Transactions on a
blockchain are verified using complex mathematical algorithms, making it computationally infeasible
to alter transaction records without the consensus of the majority of the network. Additionally, the
decentralized nature of blockchain networks makes them resistant to single-point failures and
enhances their resilience to attacks or data breaches, making them suitable for a wide range of
applications that require trust, transparency, and security.

Overall, the core idea of blockchain technology lies in its decentralized nature, which ensures that
data is managed and verified by a network of nodes rather than a central authority. This
decentralization, coupled with advanced cryptographic techniques and consensus algorithms, ensures
the security, reliability, and immutability of data, making blockchain technology a promising solution
for various industries and use cases.

2.2 Smart Contract

Smart contracts are self-executing contracts that run on blockchain networks and are programmed
to automatically enforce predefined conditions and operations without the need for intermediaries.
They are built using code and operate in a decentralized and distributed manner, which brings several
advantages, including security, transparency, tamper-proofing, and automation.

Security is a key feature of smart contracts as they are based on blockchain technology, which
utilizes advanced cryptographic techniques to secure data and transactions. Smart contracts are stored
on a blockchain, making them resistant to tampering and fraud. Additionally, the consensus
mechanisms used in blockchains ensure that smart contracts are validated by multiple nodes,
enhancing their security and reliability.

Transparency is another characteristic of smart contracts as all transactions and operations are
recorded on the blockchain and can be publicly verified. This makes smart contracts transparent,
auditable, and accountable, promoting trust and reducing the need for trust in intermediaries.

Tamper-proofing is a crucial aspect of smart contracts as they are immutable once deployed on the
blockchain. Once a smart contract is written and executed, it cannot be altered or tampered with,
ensuring the integrity of the contract and its outcomes.

Automation is a significant advantage of smart contracts as they are self-executing and do not
require intermediaries to enforce the contract terms. This eliminates the need for manual intervention,
reduces transaction costs, and accelerates transaction processing time.

Smart contracts have a wide range of potential applications in various fields, including finance,
logistics, supply chain management, healthcare, and more. For example, in finance, smart contracts
can automate processes such as payments, lending, and insurance claims, reducing paperwork, and
speeding up transactions. In logistics and supply chain management, smart contracts can improve
transparency, traceability, and accountability in the movement of goods. In healthcare, smart
contracts can enhance data privacy, consent management, and interoperability of health records.

Overall, smart contracts are a powerful feature of blockchain technology that offers security,
transparency, tamper-proofing, and automation. They have the potential to transform many industries
by reducing costs, increasing efficiency, and enhancing trust in transactions and operations.
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2.3 Privacy Protection

Privacy protection is a critical aspect when it comes to combining blockchain and artificial
intelligence technologies. Both blockchain and artificial intelligence can contribute to protecting
users' privacy in different ways.

Blockchain technology can protect data security and immutability through its decentralized and
encrypted nature. Data stored on a blockchain is distributed across multiple nodes, making it difficult
for a single party to gain unauthorized access or tamper with the data. Additionally, blockchain uses
advanced cryptographic techniques to encrypt data, ensuring that it is secure and only accessible to
authorized parties with the proper cryptographic keys. This helps protect the privacy and integrity of
data stored on the blockchain.

Artificial intelligence technology can also contribute to privacy protection through encryption and
de-identification techniques. Data used in machine learning algorithms can be encrypted, so that even
if the data is accessed by unauthorized parties, it remains unreadable without the proper decryption
keys. De-identification techniques can also be applied to remove personally identifiable information
(PII) from the data used in machine learning, making it anonymous and protecting users' privacy.

Furthermore, the combination of blockchain and artificial intelligence can enable privacy-
preserving data sharing and exchange. Smart contracts on the blockchain can be used to define and
enforce data access and usage permissions, ensuring that data is only shared and used as per the
predefined rules and consent of data owners. This provides transparency and accountability in data
sharing while protecting users' privacy.

It's important to note that privacy protection is an ongoing process and requires careful
consideration of various technical, legal, and ethical aspects. Proper encryption, de-identification, and
consent management techniques should be employed to ensure that users' privacy is adequately
protected when combining blockchain and artificial intelligence technologies.

3. Blockchain Electronic Bills

3.1 Revolutionizing Bill Transactions: Advantages of Blockchain-Based Electronic Bill
Systems

Blockchain-based electronic bill systems have the potential to revolutionize the traditional bill
issuance, transfer, and settlement processes. By leveraging the features of blockchain technology,
such as decentralization, transparency, and smart contracts, blockchain electronic bill systems can
offer several benefits.

One of the key advantages of a blockchain electronic bill system is increased ease of use and
efficiency in bill trading. With a blockchain-based system, users can issue, transfer, and settle
electronic bills in a more streamlined and automated manner. Smart contracts can be used to define
the rules and conditions for the issuance and transfer of bills, ensuring that the process is transparent,
secure, and verifiable. This can reduce the complexity and time-consuming nature of traditional bill
transactions, making it easier and faster for users to trade bills.

Another significant advantage of blockchain electronic bill systems is enhanced security and anti-
counterfeiting capabilities. Blockchain technology uses advanced cryptographic techniques to secure
data, making it tamper-proof and transparent. Electronic bills stored on a blockchain are encrypted
and distributed across multiple nodes, making it extremely difficult for unauthorized parties to tamper
with or counterfeit bills. This can help prevent fraud and increase trust in the bill trading process.

Furthermore, blockchain electronic bill systems can offer improved transparency and traceability.
All bill transactions on the blockchain are recorded and stored in a transparent and immutable manner,
allowing for easy auditability and traceability of bills. This can enhance accountability and reduce
the risks of fraudulent activities in the bill trading process.

Advantages and Disadvantages of Blockchain Electronic Bill System and Traditional Bill System:
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Figure 1. Advantages and Disadvantages of Blockchain Electronic Bill System and Traditional Bill
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User Growth Comparison between Blockchain Electronic Bill System and Traditional Bill System:

User Growth Comparison among Different Bill Systems

10000 { —®— Blockchain Electronic Bill System
-~ Traditional Bill System

—4&— Mobile Bill System
8000 1 —a— Cloud Bill System

6000 1

Number of Users

4000 A1

2000 1

2018 2019 2020 2021 2022
Year

Figure 2. User Growth Comparison among Different Bill Systems

3.2 The Comparison between Blockchain Electronic Bill Systems and Traditional Bill Systems

Here is a proposed design plan for a blockchain electronic bill system based on the features and
potential benefits discussed earlier:

1) Decentralized Architecture: The system will be built on a decentralized blockchain network,
such as Ethereum or Hyperledger, to ensure transparency, security, and resilience against single
points of failure.

Smart Contract Functionality: Smart contracts will be used to define the rules and conditions for
the issuance, transfer, and settlement of electronic bills. This will enable automated and transparent
bill transactions, reducing the need for intermediaries and increasing efficiency.

Here are some example mathematical expressions that can be used to quantify the advantages and
disadvantages of a blockchain electronic bill system compared to a traditional bill system:

A. Advantages:

a) Increased Efficiency:

1 Time savings: Calculate the average time taken for bill issuance, transfer, and settlement in a
traditional bill system, and compare it to the time taken in a blockchain electronic bill system. The
percentage of time saved can be expressed as:

Time saved = ((Time taken in traditional system - Time taken in blockchain system) / Time
taken in traditional system) * 100%
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i1 Cost savings: Calculate the costs associated with intermediaries, manual processes, and errors
in a traditional bill system, and compare it to the costs in a blockchain electronic bill system. The
percentage of cost saved can be expressed as:

Cost saved = ((Cost in traditional system - Cost in blockchain system) / Cost in traditional
system) * 100%

b) Enhanced Security:

Probability of data tampering: Calculate the probability of data tampering in a traditional bill
system based on historical data or industry benchmarks, and compare it to the probability in a
blockchain electronic bill system. The difference in probability can be expressed as:

Probability of data tampering reduction = Probability in traditional system - Probability in
blockchain system

¢) Improved Transparency:

Accessibility of transaction data: Calculate the ease of accessibility of bill transaction data in a
traditional bill system, and compare it to the accessibility in a blockchain electronic bill system. The
difference in accessibility can be expressed as:

Accessibility improvement = Accessibility in blockchain system - Accessibility in traditional
system

B Disadvantages:

a) Scalability Challenges:

Transaction throughput: Calculate the number of transactions processed per unit of time in a
traditional bill system, and compare it to the transaction throughput in a blockchain electronic bill
system. The percentage decrease in transaction throughput can be expressed as:

Transaction throughput reduction = ((Transaction throughput in traditional system -
Transaction throughput in blockchain system) / Transaction throughput in traditional system)
*100%

b) Governance Complexity:

Time, effort, and resources for governance: Calculate the time, effort, and resources required for
governance activities, such as consensus among network participants, in a blockchain electronic bill
system, and compare it to the governance activities in a traditional bill system. The difference in
governance complexity can be expressed as:

Governance complexity difference = Governance complexity in blockchain system -
Governance complexity in traditional system

¢) Interoperability Issues:

Level of integration and compatibility: Assess the level of integration and compatibility of a
blockchain electronic bill system with existing systems and processes, and express it as a qualitative
measure, such as low, medium, or high, based on the level of interoperability achieved.

2) User-friendly Interface: The system will have a user-friendly interface, allowing users to easily
issue, transfer, and settle electronic bills. The interface will be designed to be intuitive, secure, and
accessible to users with varying levels of technical expertise.

Advantages:

a) Increased User Adoption:

User Adoption Rate: Calculate the percentage of users who adopt the system and regularly issue,
transfer, and settle electronic bills in a blockchain electronic bill system compared to a traditional bill
system. The increase in user adoption rate can be expressed as:

Increase in User Adoption Rate = ((Blockchain System User Adoption Rate - Traditional
System User Adoption Rate) / Traditional System User Adoption Rate) * 100%

b) Reduced User Errors:

Error Rate: Calculate the rate of errors made by users during the process of issuing, transferring,
and settling bills in a traditional bill system and compare it with the error rate in a blockchain
electronic bill system. The reduction in error rate can be expressed as:

Reduction in Error Rate = Traditional System Error Rate - Blockchain System Error Rate

473



Highlights in Science, Engineering and Technology AICT 2023
Volume 56 (2023)

c¢) Improved User Satisfaction:

User Satisfaction Rating: Calculate the average user satisfaction rating based on feedback and
reviews from users of a traditional bill system and compare it with the satisfaction rating of users in
a blockchain electronic bill system. The improvement in user satisfaction rating can be expressed as:

Improvement in User Satisfaction Rating = Blockchain System User Satisfaction Rating -
Traditional System User Satisfaction Rating

3) Robust Security Measures: The system will implement robust security measures, such as
advanced encryption techniques, multi-factor authentication, and access controls, to ensure the
confidentiality, integrity, and availability of electronic bills and user data.

Advantages:

a) Enhanced Data Security:

Data Breach Risk Reduction: Calculate the reduction in the risk of data breaches in a blockchain
electronic bill system compared to a traditional bill system. The reduction in data breach risk can be
expressed as:

Reduction in Data Breach Risk = (Traditional System Data Breach Risk — Blockchain System
Data Breach Risk) / Traditional System Data Breach Risk * 100%

b) Increased Confidentiality:

Confidentiality Rate: Calculate the percentage of confidential data, such as bill information and
user data, that is protected by encryption and access controls in a blockchain electronic bill system
compared to a traditional bill system. The increase in confidentiality rate can be expressed as:

Increase in Confidentiality Rate = ((Blockchain System Confidentiality Rate — Traditional
System Confidentiality Rate) / Traditional System Confidentiality Rate) * 100%

¢) Improved Access Control:

Unauthorized Access Rate: Calculate the rate of unauthorized access attempts that are prevented
by robust access controls in a blockchain electronic bill system compared to a traditional bill system.
The improvement in access control can be expressed as:

Improvement in Access Control = (Traditional System Unauthorized Access Rate -
Blockchain System Unauthorized Access Rate) / Traditional System Unauthorized Access Rate
*100%

4) Anti-counterfeiting Measures: The system will have built-in anti-counterfeiting measures, such
as digital signatures, to prevent fraudulent activities and ensure the authenticity of electronic bills.

Advantages:

a) Counterfeiting Prevention:

Counterfeit Rate Reduction: Calculate the reduction in the rate of counterfeit bills in a blockchain
electronic bill system compared to a traditional bill system. The reduction in counterfeit rate can be
expressed as:

Reduction in Counterfeit Rate = (Traditional System Counterfeit Rate - Blockchain System
Counterfeit Rate) / Traditional System Counterfeit Rate * 100%

b) Authenticity Assurance:

Authenticity Verification Accuracy: Calculate the accuracy of verifying the authenticity of
electronic bills in a blockchain electronic bill system compared to a traditional bill system. The
improvement in authenticity verification accuracy can be expressed as:

Improvement in Authenticity Verification Accuracy = (Blockchain System Authenticity
Verification Accuracy - Traditional System Authenticity Verification Accuracy) / Traditional
System Authenticity Verification Accuracy * 100%

c¢) Fraud Prevention:

Fraudulent Activities Reduction: Calculate the reduction in the occurrence of fraudulent activities,
such as fake bill issuance or transfer, in a blockchain electronic bill system compared to a traditional
bill system. The reduction in fraudulent activities can be expressed as:

Reduction in Fraudulent Activities = (Traditional System Fraudulent Activities — Blockchain
System Fraudulent Activities) / Traditional System Fraudulent Activities * 100%
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5) Traceability and Auditability: All bill transactions will be recorded on the blockchain in a
transparent and immutable manner, allowing for easy traceability and auditability of bills. This will
enhance accountability and reduce the risks of fraudulent activities.

Advantages:

a) Transaction Traceability:

Traceability Improvement: Calculate the improvement in traceability of bill transactions in a
blockchain electronic bill system compared to a traditional bill system. The improvement in
traceability can be expressed as:

Improvement in Traceability = (Blockchain System Traceability - Traditional System
Traceability) / Traditional System Traceability * 100%

b) Auditability:

Auditability Enhancement: Calculate the enhancement in auditability of bill transactions in a
blockchain electronic bill system compared to a traditional bill system. The enhancement in
auditability can be expressed as:

Enhancement in Auditability = (Blockchain System Auditability - Traditional System
Auditability) / Traditional System Auditability * 100%

6) Integration with Existing Systems: The system will be designed to seamlessly integrate with
existing billing systems and processes, allowing for a smooth transition and adoption by businesses
and users.

Advantages:

a) Integration Efficiency:

Efficiency Improvement: Calculate the improvement in efficiency of integrating the blockchain
electronic bill system with existing billing systems compared to traditional integration methods. The
improvement in efficiency can be expressed as:

Improvement in Efficiency = (Blockchain System Integration Efficiency - Traditional System
Integration Efficiency) / Traditional System Integration Efficiency * 100%

b) Transition Cost:

Cost Reduction: Calculate the cost reduction in transitioning to the blockchain electronic bill
system compared to other integration methods. The cost reduction can be expressed as:

Cost Reduction = (Traditional System Transition Cost - Blockchain System Transition Cost)
/ Traditional System Transition Cost * 100%

7) Compliance with Regulations: The system will comply with relevant regulations and legal
requirements, such as data protection and privacy laws, to ensure that the electronic bill transactions
are conducted in a compliant and secure manner.

Advantages:

a) Legal Compliance:

Compliance Ratio: Calculate the ratio of compliance with relevant regulations and legal
requirements in the blockchain electronic bill system compared to traditional bill systems. The
compliance ratio can be expressed as:

Compliance Ratio = (Blockchain System Compliance / Traditional System Compliance) *
100%

b) Legal Risks Mitigation:

Risk Reduction: Calculate the reduction in legal risks associated with data protection and privacy
laws by using the blockchain electronic bill system compared to traditional bill systems. The risk
reduction can be expressed as:

Risk Reduction = (Traditional System Legal Risks - Blockchain System Legal Risks) /
Traditional System Legal Risks * 100%

8) Scalability and Performance: The system will be designed to handle a large volume of bill
transactions and provide high performance, ensuring that it can meet the needs of businesses and
users with varying levels of transaction volumes.

Advantages:
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a) Transaction Volume:

Transaction Volume Increase: Calculate the increase in transaction volume that the blockchain
electronic bill system can handle compared to traditional bill systems. The transaction volume
increase can be expressed as:

Transaction Volume Increase = (Blockchain System Transaction Volume — Traditional
System Transaction Volume) / Traditional System Transaction Volume * 100%

b) Transaction Processing Time:

Transaction Processing Time Reduction: Calculate the reduction in transaction processing time in
the blockchain electronic bill system compared to traditional bill systems. The transaction processing
time reduction can be expressed as:

Transaction Processing Time Reduction = (Traditional System Transaction Processing Time
- Blockchain System Transaction Processing Time) / Traditional System Transaction
Processing Time * 100%

¢) System Availability:

System Uptime Improvement: Calculate the improvement in system uptime or availability in the
blockchain electronic bill system compared to traditional bill systems. The system uptime
improvement can be expressed as:

System Uptime Improvement = (Blockchain System Uptime - Traditional System Uptime) /
Traditional System Uptime * 100%

9) Continuous Improvement: The system will be continuously improved based on feedback from
users, businesses, and stakeholders, to enhance its functionality, security, and usability.

Here is a summary of the comparison between blockchain electronic bill systems and traditional
bill systems in tabular form:

indicates advantages, X indicates disadvantages

Table 1. A summary of the comparison between blockchain electronic bill systems and traditional
bill systems
Features Blockchain Electronic Bill System Traditional Bill System

Decentralized architecture
Smart contract functionality
User-friendly interface
Robust security measures
Anti-counterfeiting measures
Traceability and auditability
Integration with existing systems
Compliance with regulations
Scalability and performance
Continuous improvement
Cost-effectiveness
Transparency and trust
Trust and security

Speed and efficiency

X XN RN

BE XXX XXXXXXXXXX

Intermediaries and complexity

This proposed design plan incorporates the features and potential benefits of blockchain electronic
bill systems, aiming to create a secure, efficient, and user-friendly system for issuing, transferring,
and settling electronic bills. However, it's important to note that the actual design plan may vary
depending on the specific requirements and constraints of the target market or industry.
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4. Challenges and Future Developments of Blockchain and Al

The convergence of blockchain and artificial intelligence (AI) holds immense promise, but it also
presents challenges that must be overcome for its widespread adoption and success. As these
technologies continue to evolve and mature, several key challenges have emerged, including technical
barriers and standardization issues that require careful attention and resolution. This article highlights
the need to address these challenges to ensure the seamless integration and interoperability between
different blockchain platforms and Al algorithms, enabling efficient data exchange and collaboration.

(1) Technical Barriers and Standardization: Interoperability challenges between diverse
blockchain platforms and Al algorithms necessitate urgent attention. Unified standards and protocols
are imperative to ensure seamless integration and interoperability among different technologies,
enabling efficient data exchange and collaboration. Robust efforts are needed to establish a cohesive
framework that facilitates interoperability, thereby unlocking the full potential of the convergence of
blockchain and Al technologies.

(2) Privacy Protection and Data Security: Preserving privacy and ensuring data security are critical
considerations in the integration of blockchain and Al. Given the sensitive nature of data processed
by both technologies, measures must be implemented to safeguard against unauthorized access,
tampering, and misuse. Robust encryption, de-identification techniques, and access control
mechanisms are essential to uphold data integrity and protect user privacy, establishing a trustworthy
environment for the convergence of blockchain and Al.

(3) Performance and Scalability: The evolving nature of blockchain technology presents
challenges in terms of performance and scalability. Innovations and optimizations are required to
overcome limitations such as transaction speed, scalability, and energy consumption. Scalable
solutions, including off-chain computing and layer-2 protocols, need to be explored to improve
system performance and scalability for real-world applications, driving the advancement of the
convergence of blockchain and Al technologies.

(4) Ethical Considerations: Ethical concerns arise with the convergence of blockchain and Al,
encompassing issues such as bias in Al algorithms, transparency of decision-making, and
accountability in the blockchain network. Ensuring fairness, transparency, and accountability in the
combined system is paramount to establish trust and gain user acceptance. Ethical considerations
must be comprehensively addressed, aligning with ethical principles and guidelines, to uphold the
ethical integrity of the convergence of blockchain and Al technologies.

5. Conclusion

In conclusion, the integration of blockchain technology in electronic bill systems has the potential
to revolutionize traditional bill processes by offering increased efficiency, security, transparency, and
traceability. The use of smart contracts and the decentralized nature of blockchain enable streamlined
and automated bill trading, while advanced cryptographic techniques enhance security and anti-
counterfeiting capabilities. The transparent and immutable nature of blockchain transactions
improves accountability and reduces the risks of fraud.

Furthermore, the potential impact of blockchain electronic bill systems extends beyond just bill
issuance and transfer, with implications in finance, supply chain management, e-commerce, and other
domains. However, there are challenges that need to be addressed, including regulatory
considerations, standardization efforts, and potential barriers to adoption.

To fully realize the benefits of blockchain electronic bill systems, further research, collaboration
among experts, and standardization efforts are needed. Efforts should be made to address regulatory
challenges, establish industry-wide standards, and promote widespread adoption of blockchain
technology in traditional bill processes.

In summary, blockchain-based electronic bill systems offer numerous advantages over traditional
bill systems, including increased ease of use, efficiency, security, and transparency. However, further
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efforts are required to overcome challenges and unlock the full potential of blockchain electronic bill
systems in driving innovation and positive impacts in various industries.
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